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AMIDE. CARBAMATE AND UREA DERIVATIVES 

The present invention relates to the potentiation of glutamate receptor 
5 function using certain amide, carbamate and urea derivatives. It also relates to 
novel amide, carbamate and urea derivatives, to processes for their preparation 
and to pharmaceutical compositions containing them. 

In the mammalian central nervous system (CNS), the transmission of 
nerve impulses is controlled by the interaction between a neurotransmitter, that 
io is released by a sending neuron, and a surface receptor on a receiving neuron, 
which causes excitation of this receiving neuron. L-Glutamate, which is the most 
abundant neurotransmitter in the CNS, mediates the major excitatory pathway in 
mammals, and is referred to as an excitatory amino acid (EAA). The receptors 
that respond to glutamate are called excitatory amino acid receptors (EAA 
15 receptors). See Watkins & Evans, Ann. Rev. Pharmacol. Toxicol., 21, 165 
(1981); Monaghan, Bridges, and Cotman, Ann. Rev. Pharmacol. Toxicol, 29, 

365 (1989); Watkins, Krogsgaard-Larsen, and Honore, Trans. Pharm. Sci., 11, 

25 (1990). The excitatory amino acids are of great physiological importance, 
playing a role in a variety of physiological processes, such as long-term 
20 potentiation (learning and memory), the development of synaptic plasticity, motor 
control, respiration, cardiovascular regulation, and sensory perception. 

Excitatory amino acid receptors are classified into two general types. 
Receptors that are directly coupled to the opening of cation channels in the cell 
membrane of the neurons are termed "ionotropic". This type of receptor has 
25 been subdivided into at least three subtypes, which are defined by the 

depolarizing actions of the selective agonists /V-methyl-D-aspartate (NMDA), 
alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA), and kainic 
acid (KA). The second general type of receptor is the G-protein or second 
messenger-linked "metabotropic" excitatory amino acid receptor. This second 
30 type is coupled to multiple second messenger systems that lead to enhanced 
phosphoinositide hydrolysis, activation of phospholipase D, increases or 
decreases in c-AMP formation, and changes in ion channel function. Schoepp 
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and Conn, Trends in Pharmacol. Sci., 14, 13 (1993). Both types of receptors 
appear not only to mediate normal synaptic transmission along excitatory 
pathways, but also participate in the modification of synaptic connections during 
development and throughout life. Schoepp, Bockaert, and Sladeczek, Trends in 
Pharmacol. Sci., 11, 508 (1990); McDonald and Johnson, Brain Research 
Reviews, 15, 41 (1990). 

AMPA receptors are assembled from four protein sub-units known as 
GluRI to GluR4, while kainic acid receptors are assembled from the sub-units 
GluR5 to GluR7, and KA-1 and KA-2. Wong and Mayer, Molecular 
Pharmacology 44; 505-510, 1993. It is not yet known how these sub-units are 
combined in the natural state. However, the structures of certain human variants 
of each sub-unit have been elucidated, and cell lines expressing individual sub- 
unit variants have been cloned and incorporated into test systems designed to 
identify compounds which bind to or interact with them, and hence which may 
modulate their function. Thus, European patent application, publication number 
EP-A2 -0574257 discloses the human sub-unit variants GluRI B, GluR2B, 

GluR3A and GluR3B. European patent application, publication number EP-A1- 
0583917 discloses the human sub-unit variant GluR4B. 

One distinctive property of AMPA and kainic acid receptors is their rapid 
deactivation and desensitization to glutamate. Yamada and Tang, The Journal 
of Neuroscience, September 1993, 13(9): 3904-3915 and Kathryn M. Partin, J. 
Neuroscience, November 1, 1996, 16(21): 6634-6647. The physiological 
implications of rapid desensitization, and deactivation if any, are unknown. 

It is known that the rapid desensitization and deactivation of AMPA and/or 
kainic acid receptors to glutamate may be inhibited using certain compounds. 
This action of these compounds is often referred to in the alternative as 
"potentiation" of the receptors. One such compound, which selectively 
potentiates AMPA receptor function, is cyclothiazide. Partin et al., Neuron. Vol. 
11,1 069-1 082, 1 993. Compounds which potentiate AMPA receptors, like 
cyclothiazide, are often referred to as ampakines. 

International Patent Application Publication Number WO 9625926 
discloses a group of phenylthioalkylsulphonamides, S-oxides and homologs 
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which are said to potentiate membrane currents induced by kainic acid and 
AMPA. 

Ampakines have been shown to improve memory in a variety of animal 
tests. Staubli et al., Proc. Natl. Acad. Sci., Vo!. 91, pp 777-781, 1994, 
Neurobiology , and Arai et al., The Journal of Pharmacology and Experimental 
Therapeutics, 278: 627-638, 1996. 

It has now been found that cyclothiazide and certain amide, carbamate 
and urea derivatives potentiate agonist-induced excitability of human GluR4B 
receptor expressed in HEK 293 cells. Since cyclothiazide is known to potentiate 
glutamate receptor function in vivo, it is believed that this finding portends that 
the amide, carbamate and urea derivatives will also potentiate glutamate 
receptor function in vivo, and hence that the compounds will exhibit ampakine- 
like behavior. 

In addition, certain sulfonamide derivatives which potentiate glutamate 
receptor function in a mammal have been disclosed in International Patent 
Application Publication WO 98/33496 published August 6, 1998. 

The present invention provides compounds of formula I: 



R 

R 1 — C 

i , 



R 

i 

-C- 

R 7 



-B — R 

q 



wherein 

B is CONR a , NR a CO, NR a C0 2 or NR a CONR a ; 
R a represents hydrogen or (1-6C) alkyl, 
q is zero or 1 ; 



formula I 



R"* represents a naphthyl group or a phenyl, furyl, thienyl or pyridyl group which 
is unsubstituted or substituted by one or two substituents selected independently 
from halogen; nitro; cyano; hydroxyimino; (l-IOC)alkyl; (2-10C)alkenyl; (2- 
10C)alkynyl; (3-8C)cycloalkyl; hydroxy(3-8C)cycloalkyl; oxo(3-8C)cycloalkyl; 
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halo(1-10C)alkyl; (CH 2 )yXlR 9 in which y is 0 or an integer of from 1 to 4, X"' 
represents 0, S, NR 10 , CO, COO, OCO, CONR 11 , NR 12 CO, NRl 2 COCOO or 
OCONR 12 , R 9 represents hydrogen, (l-IOC)alkyl, (3-10C)alkenyl, (3- 
10C)alkynyl, pyrrolidinyl, tetrahydrofuryl, morpholino or (3-8C)cycloalkyl and •'* 

5 rIO, r1 1, r12 anc j r13 eac h independently represents hydrogen or (1- 

10C)alkyl, or R 9 and R^ 9 . R 1 1 • R"* 2 or R 12 together with the nitrogen atom to 
which they are attached form an azetidinyl, pyrrolidinyl, piperidinyl or morpholino 
group; N-(1-4C)alkylpiperazinyl; N-phenyl(1-4C)alkylpiperazinyl; thienyl; furyl; 
oxazolyl; isoxazolyl; pyrazolyl; imidazolyl; thiazolyl; pyridyl; pyridazinyl, 

10 pyrimidinyi; dihydro-thienyl; dihydrofuryl; dihydrothiopyranyl; dihydropyranyl; 
dihydrothiazolyl; (1-4C)alkoxycarbonyldihydrothiazolyl; (1- 
4C)alkoxycarbonyldimethyldihydrothiazolyl; tetrahydro-thienyl; tetrahydrofuryl; 
tetrahydrothiopyranyl; tetrahydropyranyl; indolyl; benzofuryl; benzothienyl; 

benzimidazolyl; and a group of formula R 14 -(L a )n-X 2 -(L* :) )m in which X 2 
15 represents a bond, O, NH, S, SO, S02, CO, CH(OH), CONH, NHCO, NHCONH, 

NHCOO, COCONH, OCH 2 CONH or CH=CH, L a and L b each represent (1- 

4C)alkylene, one of n and m is 0 or 1 and the other is 0, and R^ 4 represents a 
phenyl or heteroaromatic group which is unsubstituted or substituted by one or 
two of halogen, nitro, cyano, hydroxyimino, (1-10C) alkyl, (2-10C)alkenyl, (2- 
20 10C)alkynyl, (3-8C)-cycloalkyl, 4-(1,1-dioxotetrahydro-1,2-thiazinyl), halo(1- 

10C)alkyl, cyano(2-10C)alkenyl, phenyl, and (CH2)zX 3 R 1 ^ in which z is 0 or an 
integer of from 1 to 4, X 2 represents 0, S, NR 19 , CO, CH(OH), COO, OCO, 

CONRI 7 , NR18CO, NHSO 2 , NHSO 2 NR 17 , NHCONH, OCONRl 9 or 

NR 19 COO, R^S represents hydrogen, (l-IOC)alkyl, phenyl(1-4C)alkyl, halo(1- 
25 10C)alkyl, (1-4C)alkoxycarbonyl(1-4C)alkyl, (1-4C)alkylsulfonylamino(1-4C)alkyl, 
(N-(1-4C)alkoxycarbonyl)(1-4C)alkylsulfonylamino-(1-4C)alkyl, (3-10C)alkenyl, 
(3-10C)alkynyl, (3-8C)-cycloalkyl, camphoryl or an aromatic or heteroaromatic 
group which is unsubstituted or substituted by one or two of halogen, (1 -4C)alkyl, 
halo(1-4C)alkyl, di(1-4C)alkylamino and (1-4C)alkoxy and R^ 9 , R^ 7 , R^® and 
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each independently represents hydrogen or (l-IOC)alkyl, or R^ 8 and rI®, 
rT7 r18 or r19 together with the nitrogen atom to which they are attached form 
an azetidinyl, pyrrolidinyl, piperidinyl or morpholino group; 

5 R 2 represents hydrogen, (1-6C)alkyl, (3-6C)cycloalkyl, fluoro(1-6C)alkyl, 
chloro(1-6C)alkyl, (2-6C)alkenyl, (1-4C)alkoxy(1--4C)alkyl, (1-4C)alkylC02(1- 
4C)alkyl, phenyl(1-6C)alkyl, heteroaromatic, phenyl which is unsubstituted or 
substituted by halogen, (1-4C)alkyl or (1-4C)alkoxy, or a group of formula 
r3r^n in which R 2 and R^ each independently represents (1-4C)alkyl or, 

10 together with the nitrogen atom to which they are attached form an azetidinyl, 
pyrrolidinyl, piperidinyl, morpholino, piperazinyl, hexahydroazepinyl or 
octahydroazocinyl group; and 

R 8 , R 6 , R 2 and R 8 are each independently selected from the group consisting of 
15 hydrogen, (1-6C)alkyl; aryl(1-6C)alkyl; (2-6C)alkenyl; aryl(2-€C)alkenyl and aryl; 
or 

two of R 8 , R®, r 7 and R 8 together with the carbon atom or carbon atoms to 
which they are attached form a (3-8C) carbocyclic ring; and the remainder of R 8 , 

20 R®, R? and R 8 represent hydrogen; or a pharmaceutically acceptable salt 

thereof; 

with the proviso that when r 2 represents R 2 R^N, then B is other than 
NR a CONR a or CONR a . 

25 The present invention further provides a method of potentiating glutamate 

receptor function in a mammal requiring such treatment, which comprises 
administering an effective amount of a compound of formula I. 

According to another aspect, the present invention provides the use of a 
compound of formula I, or a pharmaceutically acceptable salt thereof as defined 
3 0 hereinabove for the manufacture of a medicament for potentiating glutamate 
receptor function. 
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In addition, the present invention provides the use of a compound of 
formula I or a pharmaceutically acceptable salt thereof for potentiating glutamate 
receptor function. 

The invention further provides a method of potentiating glutamate 
5 receptor function in a mammal requiring such treatment, which comprises 
administering an effective amount of a compound of formula: 



10 



IS 



20 



wherein 



R— C+C-h 



R 

i 

-c- 



B — R 

q 



B is CONR a , NR a CO, NR a C0 2 or NR a CONR a ; 

R a represents hydrogen or (1-6C) alkyl, 
q is zero or 1 ; 

R 1 represents an unsubstituted or substituted aromatic or heteroaromatic group; 

R2 represents hydrogen, (1-6C)alkyl, (3-6C)cycloalkyl, fluoro(1-6C)alkyl, 
chloro(1-6C)alkyl, (2-6C)alkenyl, (1-4C)alkoxy(1-4C)alkyl, (1-4C)alkylC0 2 (1- 
4C)alkyl, phenyl(1-6C)alkyl, heteroaromatic, phenyl which is unsubstituted or 
substituted by halogen, (1-4C)alkyl or (1-4C)alkoxy, or a group of formula 
r3r4n jn which and R 4 each independently represents (1-4C)alkyl or, 
together with the nitrogen atom to which they are attached form an azetidinyl, 
pyrrolidinyl, piperidinyl, morpholino, piperazinyl, hexahydroazepinyl or 
octahydroazocinyl group; and 



r5, r6 ? r7 anc j r 8 are eac h independently selected from the group consisting of 
hydrogen, (1-6C)alkyl, aryl(1-6C)alkyl; (2'6C)alkenyl; aryl(2-6C)alkenyl and aryl; 
25 or 

two of r5, r6_ r7 an( j r8 together with the carbon atom or carbon atoms to 
which they are attached form a (3-8C) carbocyclic ring; and the remainder of R^, 
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R®, R 7 and R® represent hydrogen; or a pharmaceutically acceptable salt 
thereof; 

with the proviso that when R^ represents R^R^N, then B is other than 
NR a CONR a or CONR a . 

5 It is further understood that the following compounds of formula I’ are 

further included within the scope of the present invention: 




formula I' 



wherein 

B represents CONR a , NR a CO, NR a C0 2 or NR a CONR a ; 
io R a represents hydrogen or (1-6C) alkyl; 

R 2 represents (1-4C)aikyl; 

R 30 represents hydrogen, F, Cl, Br, I, CN, CF 3i NH 2 , N0 2l CH 3 C0NH, (I^IC)alkyl, 
(1-4C)alkoxy, and phenyl; and 

P is 0, 1,2 or 3; or a pharmaceutically acceptable salt thereof. 

15 

In addition, the following compounds of formula I” are further included 
within the scope of the present invention: 




formula I" 



wherein 

20 B represents CONR a , NR a CO, NR a C0 2 or NR a CONR a ; 

R a represents hydrogen or (1 -6C) alkyl; 

R 2 represents (I^IC)alkyl; and 

R 31 represents hydrogen, F, Cl, Br, I, CN, CF 3 , NH 2 , (1-4C)alkyl, (1-4C)alkoxy, 
-CH 2 NHS0 2 R 2 ‘, -(CH 2 CH 2 )NHS0 2 R 2 ‘. and -(CH 2 CH 2 CH 2 )NHS0 2 R 2 ' wherein R 2 ' 
25 represents (1 — 4C)alkyl; or a pharmaceutically acceptable salt thereof. 
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ln addition, the following compounds of formula I”’ are further included within the 
scope of the present invention: 




wherein 

5 B represents CONR*, NR a CO, NR a C0 2 or NR a CONR a ; 

R a represents hydrogen or (1-6C) alkyl; 

R 2 represents (1-4C)alkyl; and 

R 31 represents hydrogen, F, Cl, Br, I, CN, CF 3 , NH 2 , (1-4C)alkyl, (1-4C)a!koxy, 
-CH 2 NHS0 2 R 2 ‘, -(CH 2 CH 2 )NHS0 2 R r , and -(CH 2 CH 2 CH 2 )NHS0 2 R r wherein R 2 ' 
10 represents (1-4C)alkyl; 

P is 0, 1 , 2 or 3; or a pharmaceutically acceptable salt thereof. 

A preferred value for B is NR a CO with NHCO being especially preferred. 

A preferred value for R a is hydrogen. 

15 Preferred values for R 2 are methyl, ethyl and isopropyl, with isopropyl 

being most preferred. 

Preferred values for R 2 ' are methyl, ethyl and isopropyl, with methyl being 
most preferred. 

Preferred values for R 30 are hydrogen, methyl, ethyl, isopropyl, FI, Cl, CF 3 
20 CH 3 CONH and CN. 

Preferred values for R 31 are hydrogen, FI, Cl, CN, methyl, ethyl, isopropyl, 
CF 3 , and -(CH 2 CH 2 )NHS0 2 R r , with -(CH 2 CH 2 )NHS0 2 CH 3 being especially 
preferred. 

Preferred values for p are 0, 1 or 2. 

25 

In this specification, the term "potentiating glutamate receptor function" 
refers to any increased responsiveness of glutamate receptors, for example 
AMPA receptors, to glutamate or an agonist, and includes but is not limited to 
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inhibition of rapid desensitization or deactivation of AMPA receptors to 
glutamate. 

A wide variety of conditions may be treated or prevented by the 
compounds of formula I and their pharmaceutically acceptable salts through their 
5 action as potentiators of glutamate receptor function. Such conditions include 
those associated with glutamate hypofunction, such as psychiatric and 
neurological disorders, for example cognitive disorders; neuro-degenerative 
disorders such as Alzheimer's disease; age-related dementias; age-induced 
memory impairment; movement disorders such as tardive dyskinesia, 
io Hungtington's chorea, myoclonus and Parkinson's disease; reversal of drug- 
induced states (such as cocaine, amphetamines, alcohol-induced states); 
depression; attention deficit disorder; attention deficit hyperactivity disorder; 
psychosis; cognitive deficits associated with psychosis; and drug-induced 
psychosis. The compounds of formula I may be further useful for the treatment 
15 of sexual dysfunction. The compounds of formula I may also be useful for 
improving memory (both short term and long term) and learning ability. The 
present invention provides the use of compounds of formula I for the treatment of 
each of these conditions. 

The term “treating” (or “treat”) as used herein includes its generally 
20 accepted meaning which encompasses prohibiting, preventing, restraining, and 
slowing, stopping, or reversing progression, severity, or a resultant symptom. 

The present invention includes the pharmaceutically acceptable salts of 
the compounds defined by formula I. A compound of this invention can possess 
a sufficiently acidic, a sufficiently basic, or both functional groups, and 
25 accordingly react with any of a number of organic and inorganic bases, and 
inorganic and organic acids, to form a pharmaceutically acceptable salt. 

The term "pharmaceutically acceptable salt" as used herein, refers to salts 
of the compounds of the above formula which are substantially non-toxic to living 
organisms. Typical pharmaceutically acceptable salts include those salts 
3 o prepared by reaction of the compounds of the present invention with a 

pharmaceutically acceptable mineral or organic acid or an organic or inorganic 
base. Such salts are known as acid addition and base addition salts. 
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Acids commonly employed to form acid addition salts are inorganic acids 
such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, 
phosphoric acid, and the like, and organic acids such as p-toluenesulfonic, 
methanesulfonic acid, oxalic acid, p-bromophenylsulfonic acid, carbonic acid, 

5 succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of 
such pharmaceutically acceptable salts are the sulfate, pyrosulfate, bisulfate, 
sulfite, bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, 
metaphosphate, pyrophosphate, bromide, iodide, acetate, propionate, 
decanoate, caprylate, acrylate, formate, hydrochloride, dihydrochloride, 

10 isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate, 
suberate, sebacate, fumarate, maleate, butyne-1 ,4-dioate, hexyne-1 ,6-dioate, 
benzoate, chlorobenzoate, methylbenzoate, hydroxybenzoate, 
methoxybenzoate, phthalate, xylenesulfonate, phenylacetate, phenylpropionate, 
phenylbutyrate, citrate, lactate, g-hydroxybutyrate, glycolate, tartrate, 

15 methanesulfonate, propanesulfonate, naphthalene-1 -sulfonate, napththalene-2- 
sulfonate, mandelate and the like. Preferred pharmaceutically acceptable acid 
addition salts are those formed with mineral acids such as hydrochloric acid and 
hydrobromic acid, and those formed with organic acids such as maleic acid and 
methanesulfonic acid. 

20 Base addition salts include those derived from inorganic bases, such as 

ammonium or alkali or alkaline earth metal hydroxides, carbonates, 
bicarbonates, and the like. Such bases useful in preparing the salts of this 
invention thus include sodium hydroxide, potassium hydroxide, ammonium 
hydroxide, potassium carbonate, sodium carbonate, sodium bicarbonate, 

25 potassium bicarbonate, calcium hydroxide, calcium carbonate, and the like. The 
potassium and sodium salt forms are particularly preferred. 

It should be recognized that the particular counterion forming a part of any 
salt of this invention is usually not of a critical nature, so long as the salt as a 
whole is pharmacologically acceptable and as long as the counterion does not 
30 contribute undesired qualities to the salt as a whole. It is further understood that 
the above salts may form hydrates or exist in a substantially anhydrous form. 




